A mixed family of double-couple (DC) and non-double-couple (non-DC) earthquakes was observed during the 1997 January earthquake swarm in West Bohemia, which is a geothermal region typical for the occurrence of earthquakes swarms. The DC and non-DC earthquakes occurred within a small area of less than 1 km 3 on faults of different orientations. The stress in the area is determined from focal mechanisms and attains values (plunge/azimuth):
I N T R O D U C T I O N
The origin of non-double-couple (non-DC) components in earthquakes can be various (see Frohlich 1994; Julian et al. 1998; Miller et al. 1998) . The non-DC components are frequently spurious, being a product of imperfect earthquake source modelling. This occurs when the amount of data is limited, when the Green functions are inaccurate (Kuge & Lay 1994) , or when the source process is inadequately simplified. For example, assuming a point-source approximation for complex faulting of finite extent or for multiple faulting on faults with different orientations can produce non-DC mechanisms (Sipkin 1986 ). Spurious non-DC components can also be an artefact of neglecting the inhomogeneity or anisotropy of the medium (Šílený & Vavryčuk 2000) . However, the non-DC mechanisms can also be real and reflect specific earthquake processes. The non-DC components in earthquakes can be caused by landslides (Hasegawa & Kanamori 1987) , inflation or deflation of magma chambers in volcanic areas (Mori & McKee 1987) , by tensile faulting caused by high fluid pressure in geothermal and volcanic areas (Ross et al. 1996; Julian et al. 1997) , or by shear faulting in an anisotropic medium (Kawasaki & Tanimoto 1981) . The non-DC components are also reported for deep earthquakes in slabs or for rock bursts in mines (Rudajev &Šílený 1985; Feigneir & Young 1992) .
Since causes of non-DC components in earthquakes can be various, it is crucial to resolve in any study of non-DC components: (1) whether they are really physical or just errors of an inversion and (2) provided they are physical, which processes generated them. The aim of this paper is to answer these fundamental questions for microearthquakes, which occurred during the 1997 January WestBohemian earthquake swarm and that often displayed high non-DC components (Dahm et al. 2000; Horálek et al. 2000b) . It will be shown that the observed non-DC components are real phenomena, which can be explained consistently by tensile faulting owing to high pore fluid pressure. Evaluation of the parameters of tensile faulting is presented in a separate paper (Vavryčuk 2001) . area is probably connected with young Quaternary volcanism manifested by intrusions of mantle fluids and gases (Weinlich et al. 1998) . The 1997 January earthquake swarm lasted for two weeks and involved about 1800 microearthquakes. The strongest event was of magnitude 3.0. The hypocentres clustered within a very small volume of probably less than 1 km 3 at a depth of about 9 km (Fischer & Horálek 2000) . The hypocentres occurred beneath the northeastern edge of the Cheb Basin, which is situated in the northwestern part of the Bohemian Massif (Fig. 1) . The crystalline basement of the Cheb Basin is covered by Tertiary sediments with a maximum thickness of 400 m. The tectonic structure of the Cheb Basin is characterized by two principal fault systems (Dudek 1987) : the Sudeten NW-SE fault system and the OreMountain WSW-ENE fault system. The NW-SE fault system is manifested by the Eastern boundary fault of the Cheb Basin, considered to be a continuation of the Mariánské Lázně fault (Špičák et al. 1999) .
The microearthquakes were recorded by nine local threecomponent digital broad-band (0.5-60 Hz) seismic stations (see Fig. 1 ) with a sampling rate of 125 or 250 Hz and with a dynamic range of 96 dB or more (Horálek et al. 2000a) . Horálek et al. (2000b) inspected the seismograms of the majority of the recorded events visually and classified them into eight types according to their P and S waveforms at the individual stations. The earthquakes of the two most frequent types were denoted as A and B events. The A events occurred predominantly in the beginning of the swarm, while the B events predominated at the end of the swarm. The other types of events were much rarer and represented events with rather exceptional waveforms. Fischer & Horálek (2000) located the A and B events using the master-event procedure and calculated the orientation of possible fault planes from the clustering of the foci. They suggested that the A and B events were possibly associated with two crossing faults (see Fig. 2 ) or fault systems, which were approximately perpendicular to each other. Horálek et al. (2000b) selected 70 earthquakes (20 type A events, 29 type B events and 21 other type events) recorded with a high signalto-noise ratio at six to nine seismic stations. They measured the Pand S-wave amplitudes in the three-component ground displacement seismograms and calculated the full moment tensors by applying the inversion method ofŠílený (1997, 1998) . They determined the orientations of the double couple (DC) from the moment tensors. They found that type A events were oblique normal, and type B events oblique reverse (see Fig. 2 • ). The mechanisms in both families of earthquakes are consistent and the focal parameters vary only slightly within the family (see Fig. 2 ).
D C A N D N O N -D C C O M P O N E N T S I N E A RT H Q UA K E S

Earthquake mechanisms
Definition of non-DC components
Since full moment tensors are available for selected earthquakes (Dahm et al. 2000; Horálek et al. 2000b) , we can decompose them into the double-couple and non-double-couple components. The non-DC component is defined as the sum of the compensated linear vector dipole (CLVD) and isotropic (ISO) components (see Knopoff & Randall 1970; Jost & Hermann 1989) . The size of the ISO, CLVD and DC can be evaluated in per cent as follows: where Tr(M) denotes the trace of the seismic moment tensor M, M |max| denotes the eigenvalue of M that has the maximum absolute value, and M * |max| and M * |min| are the eigenvalues of the deviatoric moment tensor with the maximum and minimum absolute values, respectively.
Eqs (1)-(3) imply that the ISO and CLVD components can be either positive or negative, but the DC component is always positive. The plus/minus signs of the ISO and CLVD components express the explosive/implosive or tensile/compressive character of the source. The sum of absolute values of DC, ISO and CLVD is 100 per cent. A detailed discussion of advantages of the decomposition (1)-(3) compared with other decompositions is given in Vavryčuk (2001) .
Values of non-DC components and their reliability
The decomposition of the full moment tensors into ISO, CLVD and DC for selected earthquakes (see Tables 1 and 2) shows that the A and B events differ not only in the orientation of the double couple, but they also exhibit a different percentage of the DC and non-DC components (see Fig. 3 ). The A events contain predominantly a high DC (with typical values from 80 to 90 per cent), while the B events contain predominantly a low DC (with typical values from 40 to 60 per cent). The non-DC components consist of both isotropic and compensated linear vector dipole parts. The CLVD is tensile/compressive for 28/1 type B events and for 10/10 type A events. The ISO is explosive for all B events and explosive/implosive for 12/8 type A events. Hence the A events are predominantly DC events with low positive or negative values of ISO and CLVD, while the B events are highly non-DC with only positive values of ISO and CLVD. The only exception is B event no 27, which has a small negative value of CLVD.
Obviously, we are faced with the question of whether the non-DC components detected are reliable or just errors of the inversion owing to the data limitation. Dahm et al. (2000) explored the accuracy of the mechanisms of the events by comparing absolute and relative moment tensor solutions. They estimated errors caused by inaccurate amplitudes and mismodelling of the medium. Their analysis indicates that the non-DC components in the B events are significant at a high confidence level and cannot be produced by inaccurate moment tensor inversion. Furthermore, all moment tensors were calculated using the same Green function, thus errors of the inversion owing to an oversimplified Green function should project into the moment tensors of the A events as well as of the B events but not into the moment tensors of the B events only. Hence, we conclude that: (1) the non-DC components in the majority of the A events are small and thus it is difficult to decide reliably whether they are real or spurious and (2) the non-DC components in the B events are high enough to exclude the possibility of just being errors arising from the inversion. Therefore, a significant part of these components should reflect specific properties of the source or medium.
P O S S I B L E C AU S E S O F T H E N O N -D C C O M P O N E N T S
In this section we shall consider and discuss several possible causes of the non-DC components in the B type earthquakes.
Multiple shear faulting or shear faulting on a non-planar fault
If multiple shear events on different faults or shear faulting on a nonplanar fault are misinterpreted as a single event, then the moment tensor of the composite event is the sum of true DC tensors, which is, in general, a non-DC tensor (Frohlich 1994) . In this way, shear faulting can produce non-DC mechanisms. These mechanisms, however, never contain an ISO component. Since the trace of the composite moment tensor is the sum of traces of its components, no Angles δ 1 , φ 1 and λ 1 are the dip, strike and rake calculated using the inversion from the P and S amplitudes, δ 2 , φ 2 and λ 2 are the dip, strike and rake calculated using the inversion from the P amplitudes only, α is the sum of deviations between slips and between fault normals of the two focal mechanisms, M is the magnitude of the event. The events with α > 25 • have been discarded from the stress analysis, since their mechanisms were unreliable. combination of DC tensors can produce the non-zero ISO . The indication concerning the ISO components helps to resolve whether the B events are complex shear events or not. Comparison of the ISO components of the A and B events (see Tables 1 and  2) shows that the ISO component in the B events is significantly higher then that in the A events. This clearly contradicts the proposed interpretation. Furthermore, complexities of the P and S waveforms of the A and B events are comparable, hence there is no indication that the source process of the B events is more complex than that of the A events.
Shear faulting in a heterogeneous or anisotropic medium
Shear earthquakes may also appear to have non-DC components if the focal area is heterogeneous. If earthquakes occur in a place where the elastic moduli vary spatially, the spatial derivatives of the Green function may vary significantly over the source region. In this case, the distortion of the focal mechanism is caused by the finiteness of the source region rather than by a non-planar geometry of the fault .
Another cause of non-DC components may be anisotropy of the medium in the focal area. Shear faulting in an anisotropic medium has a different equivalent force system than it would if the medium were isotropic. A shear faulting in an anisotropic medium generally produces a non-DC moment tensor . This also applies in the case when correct Green functions for the anisotropic medium are used to solve the inverse problem. Shear faulting in a medium with orthorhombic symmetry was studied, for example, by Kawasaki & Tanimoto (1981) .
One can suspect that anisotropy produces the non-DC components in earthquakes in West Bohemia, because Vavryčuk (1993) reported on a 6 per cent anisotropy in the region. Nevertheless, it seems that neither anisotropy nor heterogeneity at the source caused the appearance of non-DC components in the earthquakes. The foci of the A and B events occupied a very small area characterized very probably by the same elastic properties. Also raypaths to stations were almost identical for both types of events. Therefore, the effects of anisotropy or heterogeneity should appear in the B as well as A events but not in the B events only.
Tensile faulting owing to high pore fluid pressure
Tensile faulting is characterized by the displacement discontinuity, which is not parallel to a fault surface. This type of faulting is typical for geothermal and volcanic regions (Julian et al. 1997; Ross et al. 1996) and causes non-DC mechanisms. Tensile faulting is permissible only under a high pore fluid pressure, because fluid pressure can cancel out the compressive lithostatic stress acting against opening of cracks at depth in the Earth . Pore fluid pressure is assumed to significantly influence the seismicity pattern and the type of faulting (Henderson & Maillot 1997; Yamashita 1997) . The pore fluid pressure decreases the effective stress on faults, destabilizes faults and triggers earthquakes. If the ratio of pore pressure to lithostatic stress exceeds 0.6 then it can cause tensile faulting, which is also called hydrofracturing (Byerlee 1990) . Fluid pressures comparable to the lithostatic stress are found surprisingly often in deep boreholes . A fluid pressure higher than the hydrostatic pressure is called overpressure and is explained by a low permeability of the rock in which the fluid is trapped (Byerlee 1990; Hardebeck & Hauksson 1999) .
Since West Bohemia is a geothermal area, in which a high fluid pressure is a reasonably satisfied assumption, the tensile faulting owing to high fluid pressure may explain the non-DC earthquakes under study. The high fluid pressure is also probably a key factor in generating the seismic activity with a typical swarm character in the area (Špičák et al. 1999;Špičák 2000) . Tensile faulting is also indicated by positive values of the ISO and CLVD components observed in the non-DC (type B) events. However, it is not clear why DC (type A) earthquakes also occurred in the same area. Understanding this requires the determination of the tectonic stress, estimating the fluid pressure and calculating tractions generated along the faults by the effective stress. The differences in faulting of the A and B events should then be explained by differences in shear and normal tractions along the faults.
T E C T O N I C S T R E S S
Method
Tectonic stress is determined from focal mechanisms by applying the Gephart-Forsyth inversion method (Gephart & Forsyth 1984; Michael 1987; Gephart 1990; Plenefisch & Bonjer 1997; Lund & Slunga 1999) . This method assumes that: (1) the stress is uniform in the region; (2) the earthquakes occur on pre-existing faults with varying orientations; and (3) the slip vector points in the direction of the resolved shear traction on the fault. The stress tensor is searched by minimizing the sum of deviations between the shear traction directions and the observed slips at the faults. The misfit function is minimized by using the robust grid search inversion scheme. Since this approach is purely geometric, we cannot recover the full stress tensor (six parameters) but only its part (four parameters): three angles defining the directions of the three principal stress axes and the parameter R. This parameter is called the shape ratio and bounds the size of the maximum, intermediate and minimum principal stresses σ 1 , σ 2 and σ 3 : R = (σ 1 −σ 2 )/(σ 1 −σ 3 ). The method is unable to recover the magnitudes of the principal stresses and the isotropic part of the stress tensor σ ISO = σ 1 + σ 2 + σ 3 . Therefore, the stress tensor is searched with fixed maximum compressive stress σ 1 = +1 and with a zero isotropic part σ ISO = 0. Hence, only the directions of the three principal stress axes and the magnitude of the intermediate stress σ 2 (σ 3 = −σ 1 − σ 2 ) are varied during the grid search.
Data
If the mechanisms used in the inversion are determined accurately and the orientation of the fault planes is known, the inversion method by Gephart & Forsyth (1984) produces reliable results. If the fault plane orientations are not available, the method can still produce some values of stress but with smaller resolution (Michael 1987) . Therefore, the mechanisms of A and B events calculated by Horálek et al. (2000b) were used in the inversion, because their fault planes were determined from clustering of foci (see Fig. 2 ). Furthermore, from the whole set of A and B events (see Tables 1 and 2 ) only the most reliable mechanisms were applied in the inversion in order to improve the accuracy of the results. For this purpose, the quality of the mechanisms was estimated by comparing orientations of nodal planes calculated using two different moment tensor inversions: inversion performed from both P and S amplitudes (Dahm et al. 2000) , and inversion performed from P amplitudes only. This comparison shows (see Tables 1 and 2 ) that the mechanisms calculated using the two methods are very similar for the majority of events. The average deviation of the fault orientation is 10.4
• , the average deviation in the slip direction is 12.0
• . This indicates that the results of the inversions are very stable and plausible for most of the events. However, several events display significantly different mechanisms for the two inversions. This is an indication that these mechanisms are problematic. In order to exclude the anomalous cases, only the events yielding sums of the deviations between the fault and slip orientations of less than or equal to 25
• were retained. This condition was satisfied for 40 events: 14 type A events and 26 type B events; nine events were discarded (see Tables 1 and 2 ). In the new data set, the average deviation of the fault orientation is 6.3
• , and the average deviation in the slip direction is 5.7
• . Hence the accuracy of the focal mechanisms for the new data set is significantly increased. The selection criterion excluded, for example, A event no 15 with an anomalously biased DC component (32 per cent) and B event no 27, which was the only B event with a compressive CLVD.
Orientation of principal stresses
The inversion for the optimum stress tensor was performed using a 2
• grid in searching through the principal stress directions and a 0.01 increment in searching for σ 2 . The optimum principal stress directions are (plunge/azimuth):
• /262
• and the shape ratio is R = 0.69 (see Fig. 4 ). The azimuth is measured from north and the plunge from the horizontal plane. The average deviation angle is 4.9
• . The minimum of the misfit function is very shallow, hence the error of the stress directions is estimated to be ∼10
• in azimuth and ∼5
• in plunge (see Fig. 5 , upper plot). The error of the shape ratio is up to 0.15 (see Fig. 5 , lower plot).
Orientation of principal stresses obtained by other methods
The resolved stress is consistent with results obtained using other methods and other data in the same region or in the adjacent areas (see Table 3 ). The stress is very close to that obtained by Vavryčuk (2001, Fig. 17 ) who applied the same inversion method to a similar data set but using a 5
• grid in searching for stress directions and a 0.05 increment in searching for σ 2 . Similar results of those presented here were also obtained by Vavryčuk (2000) , who applied the same method but using moment tensors from all 70 earthquakes analysed by Dahm et al. (2000) and Horálek et al. (2000b) . However, the results of Vavryčuk (2000) are probably not very accurate because no information concerning the orientation of fault planes was utilized in the inversion. Consistent results were also obtained by Havíř (2000) who determined the stress in the same region and time period but used the program BRUTE3 (Hardcastle & Hills 1991 ) and a smaller set of mechanisms (see Havíř 2000, Table 3 ). The azimuth of the resolved maximum compressive stress also coincides well with the mean orientation of the stress in the KTB scientific drill hole (Brudy et al. 1997 
): N160
• E ± 10 • for the depth interval from 3.2 to 8.6 km. The resolved maximum compressive stress is also consistent with the mean stress orientation in Western Europe (Müller et al. 1992) : N144
• E ± 26 • .
Estimation of absolute stress values
From the stress orientation and the shape ratio, we can infer the absolute values of the stress, which are important for estimation of pore fluid pressure or frictional parameters on faults. For a rough estimation of the absolute stress, values of the lithostatic stress σ z = 250 MPa (σ z = ρgz, ρ = 2800 kg m −3 , g = 9.81 m s −2 , z = 9000 m) 
The bold values of stress are considered to be optimum for the 1997 January West Bohemia earthquake swarm.
and of the maximum compressive stress σ 1 = 350 MPa (see Plenefisch & Bonjer 1997 , Fig. 10 ) were adopted. Taking into account these values and the resolved orientations of the principal stresses and the shape ratio, we arrive at the following values for the intermediate and minimum stresses: σ 2 = 220 MPa and σ 3 = 162 MPa. The lithostatic (isotropic) pressure 
attains a value of σ ISO = 244 MPa. Hence the lithostatic pressure is slightly less than the lithostatic stress (250 MPa). Note that the calculated stress values are only rough estimations, because the value of the maximum compressive stress was only guessed. Fig. 6 shows stresses σ 2 , σ 3 and σ ISO calculated under the assumption that σ 1 is not fixed but lies in the interval between 300 and 400 MPa. Interestingly, stresses σ 2 and σ 3 are quite sensitive to σ 1 , but the lithostatic pressure σ ISO is almost insensitive to σ 1 . It implies that the pressure is determined with a good accuracy even though the absolute stresses σ 1 , σ 2 and σ 3 are not well constrained.
The above stress values can be compared with the stress at the KTB drill hole, which is located 50 km SW of the epicentral area. The stress was measured at the KTB at the depth interval from 3 km to 6.8 km (see Brudy et al. 1997 , Fig. 11 ). If we interpolate the measured stress to a depth of 9 km, at which the seismic activity occurred, we arrive at the following approximate values: σ 1 = 380 MPa, σ 2 = 250 MPa and σ 3 = 200 MPa. The shape ratio, R = 0.72, corresponds well to the resolved shape ratio in the focal area (R = 0.69). The pressure σ ISO = 277 MPa is higher than the lithostatic stress (250 MPa). All stresses σ 1 , σ 2 and σ 3 are slightly higher than those obtained for the focal area. 
S H E A R A N D N O R M A L T R A C T I O N S F O R D C A N D N O N -D C E A RT H Q UA K E S
The A and B earthquakes were associated with two faults of different orientations and also displayed a different type of faulting. The A events were DC and the B events were non-DC. Understanding the differences in faulting requires calculating shear and normal tractions generated by the effective stress along the faults and correlating them with the non-DC components of the events.
Shear traction versus the DC component
The shear traction along the fault is calculated from the fault orientation and from the tectonic stress. 
Determination of pore fluid pressure
The effective normal traction on the fault depends on the fault orientation, on the tectonic stress and on the pore fluid pressure. Unfortunately, the fluid pressure is not known in the focal area and it can only be speculated on. Nevertheless, we can set up limits for the fluid pressure requiring the normal traction to be consistent with the earthquake mechanisms observed. Fig. 8 shows Mohr's circle diagram (Jaeger & Cook 1979; Mavko et al. 1998) for the 40 selected earthquakes under study. This diagram displays the shear traction versus the effective normal traction, which is defined as the difference between the normal traction and the fluid pressure. The shear and normal tractions are calculated from the tectonic stress and from the fault orientations. The fluid pressure is unknown, hence the origin of the axis of the effective normal traction is not defined. For increasing values of fluid pressure, the origin of the axis moves from the left to the right.
The comparison of tractions for the type A and B earthquakes (Fig. 8) shows that these earthquakes are generated under different stress conditions on the fault. The shear traction is high for the A events and considerably lower for the B events. The shear traction is even close to its maximum available in the stress field for the A events. The effective normal traction is also significantly higher for the A events than for the B events. This observation is in accordance with the mechanisms of the events and can be exploited in estimation of the fluid pressure. Since the A events are shear and the B events are tensile, the effective normal traction should attain positive values (compressive force) for the A events but negative values (tensile force) for the B events. This constrains the position of the zero effective normal traction (Fig. 8, dashed line) and subsequently the value of the fluid pressure. The fluid pressure corresponds roughly to the lithostatic pressure in the focal area σ ISO = 1 3 (σ 1 +σ 2 +σ 3 ), hence p = 244 MPa. This value is very stable being almost independent of the actual value of the maximum compressive stress used (see Fig. 6 ). The fluid pressure is less then the lithostatic stress by ∼5 MPa. The ratio of the fluid pressure to the maximum compressive stress is 0.7.
D I S C U S S I O N
It was shown that shear as well as tensile earthquakes could occur simultaneously in the same focal area but on faults with different orientations. Interestingly, detecting such a mixed family of earthquakes is advantageous because it allows one to infer the fluid pressure at the area. If we assume that the fluid pressure is independent of the orientation of faults, we can determine the fluid pressure as follows. The fluid pressure should attain a value such that the effective normal traction will be compressive on the faults with shear earthquakes but extensive on the faults with tensile earthquakes. In other words, the fluid pressure must be high enough to induce tensile faulting on some favourably oriented faults but also low enough not to induce tensile faulting on the other faults. If the absolute value of the tectonic stress is known, this approach yields the absolute value of the fluid pressure p. If only the shape ratio R is known, then the fluid ratio defined as
can be determined. Obviously, the fluid ratio is R P >1 for zero fluid pressure, and R P = 1 for fluid pressure equal to σ 3 . Tensile faulting can occur only for p > σ 3 , which is equivalent to R P <1. The fluid ratio for the area under study is 0.56. Note that the estimation of fluid pressure or the fluid ratio requires no information concerning friction.
C O N C L U S I O N S
(1) Tensile faulting consistently explains non-DC earthquakes that occurred during the 1997 January West Bohemian earthquake swarm. The tensile earthquakes displayed low DC together with high positive ISO and CLVD. The tensile earthquakes were permissible owing to high fluid pressure in the source area.
(2) The tectonic stress in the West Bohemia region calculated from 40 accurately determined mechanisms of earthquakes that occurred during the 1997 January earthquake swarm is characterized by the following optimum values (plunge/azimuth): σ 1 = 33
• /156
• , σ 2 = 48
• /20
• , σ 3 = 23
• and R = 0.69 ± 0.15. The error of the stress directions is estimated to be ∼5
• in plunge and ∼10
• in azimuth. The azimuth of the maximum compressive stress coincides well with the mean orientation of the stress in the KTB drill hole (Brudy et al. 1997) : N160
• E ± 10
• and with the mean orientation of the stress in Western Europe (Müller et al. 1992) : N144
• E ± 26
• . However, the resolved maximum stress deviates from the horizontal direction. The absolute stress is estimated to be: σ 1 = 350 MPa, σ 2 = 220 MPa and σ 3 = 162 MPa. The lithostatic stress is 250 MPa.
(3) The percentage of the DC component in earthquakes clearly correlates with the magnitude of the shear traction along a fault. The DC earthquakes occurred along faults with high shear traction. The non-DC earthquakes occurred along faults with significantly reduced shear traction. This demonstrates that the tectonic stress primarily controlled the type of faulting.
(4) The DC earthquakes occurred on faults with high normal traction and non-DC earthquakes on faults with low normal traction. This supports the idea of the tensile nature of the non-DC earthquakes.
(5) The pore fluid pressure was estimated from the condition that the effective normal traction must be compressive for shear earthquakes but tensile for non-shear earthquakes. The fluid pressure is close to the lithostatic pressure in the area being approximately 244 MPa. Hence the fluid pressure is less than the lithostatic stress by ∼5 MPa. The ratio of the fluid pressure p to the maximum stress σ 1 is 0.7.
(6) The fluid ratio R P = (σ 1 − p)/(σ 1 − σ 3 ) was introduced to describe a relative value of the fluid pressure with respect to the tectonic stress. No absolute stress values are needed for evaluating the fluid ratio. The occurrence of tensile faulting is conditioned by the fluid ratio of less than 1. The fluid ratio in the area under study is 0.56.
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